Abstract -The number of colonies in feral and managed honeybee populations (Apis mellifera) was determined for various sampling locations in Chiapas and Yucatan (Mexico) to assess the impact of apiculture on feral honeybee populations. We used a comparative sampling approach determining the number of colonies in similar habitats and landscapes but with different intensity of beekeeping. Sampling sites included nature reserves, and mango and shaded coffee plantations. The agricultural sites were all set in high-diversity landscapes with plenty of surrounding secondary forest. The number of colonies was determined by genotyping drones caught on drone congregation areas and assigning the drone genotypes to mother queens each heading a colony. We used three sets of linked markers each to achieve sufficient resolution for a precise colony assignment. The estimated colony numbers ranged from 34 to 54 colonies, with an average of 38.3±6.9 colonies in areas with high and 43.5±6.6 colonies in areas with low beekeeping activity. There was no significant difference in colony numbers between the sites with high and low beekeeping activity suggesting that the managed honeybee populations do not substantially add to the overall number of honeybee colonies supported in the wild. This might indicate that restrictions on apicultural activities to prevent any potential conservation conflict with native pollinators might not be useful, since honeybee colonies are very abundant in many different landscapes in Southern Mexico independent of apiculture.
INTRODUCTION
The western honeybee Apis mellifera is not native to the American continent and was imported with the early European settlers to establish apiculture on a continent which had no honeybees. Since then, the initially managed honeybee population escaped into the wild where it established feral honeybee populations. These were for many centuries of European origin until the feral population in South and Central America experienced a complete genetic exchange after the arrival of Africanized honeybees in 1986 (Moffett et al. 1987; Rowell et al. 1992) . African honeybees had been introduced into Brazil in 1956 with the aim of improving honey production among managed colonies in the American tropics (Kerr 1967) . These honeybees of tropical African origin expanded rapidly and admixed with the European honeybees, forming hybrid populations which are characterized by an asymmetric proportion and dominance of genes and behaviours of African origin (Schneider et al. 2004; Kraus et al. 2007; Guzmán-Novoa et al. 2011) . At the same time, apiculture has been suspected to contribute to native bee declines (Roubik 1978; Roubik and Wolda 2001) . In Mexico, a country globally ranking sixth in honey production with 52,900 tons in 2010 (SAGARPA 2011) , there is obviously a large managed honeybee population. In addition, however, there is also a high density of feral colonies, which became particularly high after the invasion of the Africanized honeybees (Ratnieks et al. 1991; Schneider et al. 2004 ). There has been repeated concern that the high number of managed honeybee colonies cause local pollen and nectar depletion resulting in reduced resource availability for native endemic pollinators (Cairns et al. 2005) . At the same time, breeding programmes to improve the Africanized honeybee for beekeeping have been implemented (Guzmán-Novoa and Page 1999; Zárate et al. 2008 ) which may further enhance the colony densities of A. mellifera. Hence, the number of colonies may be a paramount parameter for assessing the impact of apiculture on the conservation of pollinator biodiversity. In the extreme, it might be necessary to impose restrictions on apicultural practice as a measure for maintaining biodiversity of other endemic pollinators as has been recommended for Australia (Gross and Mackay 1998) and where honeybees are considered to be a pest species by some conservationists (Lindenmayer et al. 2009 ). Here, we study if regions with intensive apiculture had higher numbers of colonies than regions with no beekeeping activity to see if such regulations could reduce any potential competition between A. mellifera and other bees.
MATERIALS AND METHODS
We sampled drones in ten different regions of Chiapas (Figure 1 ; GPS data in Table I ) and two regions of the Yucatan peninsula (GPS data only, Table I ) in Southern Mexico, either with high beekeeping activity or regions lacking apicultural activity according to the local knowledge of El Colegio de la Frontera Sur (ECOSUR) specialists and beekeepers. The time frame over which the apicultural activity was considered was approximately 20 years. Sampling sites included nature reserves and mango and shaded coffee plantations. We used a comparative sampling approach, sampling in ecologically similar habitats under either the high or low beekeeping regime. Since feral colonies are extremely cryptic and hard to detect, we used a sampling technique based on drone trapping on drone congregation areas (DCAs) that allows for representative, unbiased population samples for both feral and managed populations ). This sampling approach in combination with linked markers (see below) is very precise and superior to a sample of workers and/or the usage of unlinked markers. The sampling of workers would harbour the problem that worker samples are usually highly biassed due to the mass recruiting to a given food source, which renders an estimate of colony numbers difficult. The drones sampled for our study were caught at DCAs using black-painted cigarette filters impregnated with synthetic queen mandibular pheromone (9-ODA) and an insect net, attached to a helium-filled weather balloon (Williams 1987) . After capture, the drones were transferred into 75 % ethanol and stored at −20°C until DNA extraction.
DNA analyses
DNA was extracted from the hind legs of more than 90 of the sampled drones per sample location (1,296 drones in total) with Chelex standard extraction procedures (Walsh et al. 1991 ) and genotyped with a set of 12 loci on three linkage groups (Table II; Shaibi et al. 2008) . Four linked markers each were chosen on chromosome 3 next to the sex locus (csd) (Beye et al. 2003 ) which determines sex (markers span 11.6 kb or 0.2 cm). The second linkage group was on chromosome 13 next to the thelytoky gene (Lattorff et al. 2007 ), which controls worker reproduction (markers span 11.2 kb or 0.19 cm). The third linkage group is on chromosome 16 in a large 'gene desert' expected to be selectively neutral. With this set of markers, the precision of the analyses is more than an order of magnitude larger than is standard genotyping with unlinked loci (Shaibi et al. 2008 ). We used an Figure 1 . Satellite image map of sample locations in Chiapas. For exact GPS coordinates, see Table I . 
Colony assignment and estimated number of colonies
The genotypes of the drone-producing queens were inferred using the COLONY software (Wang 2004 ) by treating each haplotype per chromosome as an independent allele of the same locus. We determined the probability that two identical genotypes could have been detected in two different individuals by chance (the non-detection error). We estimated the nondetection error following Boomsma and Ratnieks (1996) . In addition, queens may remain undetected because of a small sample size (non-sampling errors). This type of error was determined by fitting the empirical drone frequencies of the assigned mother queens to a Poisson distribution (Jaffé et al. 2009 ). The final sample size-corrected number of queens was obtained by adding those queens with an expected drone frequency of zero to the detected number of queens resulting in the estimated number of colonies.
We used a t test to test for differences in colony numbers between the regions with high and low beekeeping activity.
RESULTS

Genetic diversity
Rather than determining the classical parameters of population genetics based on the variability of individual loci such as allelic richness or expected heterozygosity, it seemed more meaningful to determine the number of haplotypes to compare the different populations and variability in the linkage groups. The number of haplotypes per linkage group varied largely, with 38 to 64 haplotypes for chromosome 3 (sex chromosome), 20 to 56 haplotypes for chromosome 13 and 17 to 49 haplotypes for chromosome 16 (Figure 2) . As a result, the overall non-detection error was extremely low (error rate, <0.0001). There were significant differences among the three different linkage groups (ANOVA, d.f.=2, F=10.02, 
Number of colonies
The estimated colony numbers based on the drone genotypes ranged from 34 colonies in Tapachula up to 54 colonies in Puijltic, which are both located in Chiapas (Figure 1 ). Overall, we obtained similar results for the estimated number of colonies for the DCAs with high (38.3±6.9 colonies) and with low (43.5±6.6 colonies) beekeeping activity (Figure 3) . Thus, the number of estimated colonies yielded no significant differences between these two groups (t test, t=−1.4, d.f.=10, P=0.19), in spite of a large total sample set of over 11,000 genotypes from over 1,296 individuals.
Number of drones per colony
We confined ourselves to the more reliable genotypic analyses for colony assignment based on the linked genotypes only and could infer a total of 491 potential mother colonies based on the 1,296 drone genotypes. Most of the colonies (48 %) contributed only two drones to the sample, and we are even left with 29 undetected colonies, if our drones reflected a random sample of evenly contributing colonies (Figure 4) . The large number of detected colonies reduces the number of reliable mother queen genotypes that are confirmed by multiple drone genotypes. To allow for a reliable estimate of individual mother queens based on at least six drones per colony, this would have required a threefold greater sample size after genotyping (Lepais et al. 2010) , probably exceeding the resources allocated today for microsatellite-based studies in molecular ecology.
DISCUSSION
This study adds to the notion that honeybee colony numbers in the tropics can reach extremely high values. The number of colonies contributing drones to a given drone congregation area in Southern Mexico is similar to those found in wild populations in tropical Africa (Jaffé et al. 2010) . Surprisingly, beekeeping had no significant effect on the number of detected honeybee colonies at all. In fact, the estimated number of colonies was higher in the regions without beekeeping than with beekeeping, albeit not significant. This suggests that the majority of colonies in the honeybee populations in Chiapas and Yucatan lives in the wild as feral honeybee colonies, and managed colonies only marginally contribute to the overall population. The situation is thus very similar to tropical Africa where apicultural colonies only marginally contribute to the overall population in habitats with sufficiently undisturbed landscapes (Jaffé et al. 2010) .
Since our results indicate that the majority of the honeybees resides in the wild, restrictions on apicultural activities to prevent any potential Figure 4 . The number of drones sampled per colony based on a total of 491 detected colonies. In spite of a high average sample size of drones per sample location, the reliability of inferred queen genotypes is low, and the predicted number of undetected colonies, which provided nil drones to the sample, remained high (white bar) due to the high number of colonies contributing drones to a given drone congregation area. conservation conflict appear not to be useful. In general, however, it seems the conflict scenario between honeybee and other pollinator species has only weak support from empirical evidence in Central America (Moritz et al. 2005 ). There are no reports about extinctions due to feral honeybees, neither in North nor in Central or South America although the spread of the Africanized honeybee has been meticulously and extremely carefully scrutinized over decades (Roubik et al. 1986) .
From a population genetic perspective, it is interesting to see that the variability of markers near the sex locus was significantly higher than that of the other two linkage groups. Since there is a strong negative frequency-dependent selection operating on the sex alleles due to its genetic load in the female sex (Zayed 2004 (Zayed , 2009 ), this may reflect natural selection for heterozygosity in the females. Homozygote diploid individuals do not develop into females but instead into diploid males (Mackensen 1951) that are cannibalized by the workers immediately after hatching from the egg and hence functionally lethal (Woyke 1963) . In a recent study on a closed population on the Dutch island of Schiermonnikoog, Lattorff et al. (2012, in review) inferred that the haplotype variability of the markers used in this study is indeed closely correlated with functional allelic variability at the sex locus. For every haplotype they detected, they found 4.3 functional alleles. If this ratio also holds for the Mexican honeybee populations, this would range from 9 to 15 functional sex alleles in the sampled populations. This compares well with previous estimates that range between 11 and 19 sex alleles in various honeybee populations (Mackensen 1955; Laidlaw et al. 1956; Adams et al. 1977 ).
In conclusion, we see a very vital feral honeybee population that seems to prosper independent of the landscapes tested. Even in regions with intensive apiculture, the number of colonies remains the same which may be due to the rich environmental resources and a highly diverse agricultural landscape with a lack of kolkhoz-type large-scale agricultural landscape destructions.
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